Introduction
The value of a supplemental protein source in ruminant diets is derived from 1 ) supplying ruminally degradable N for the synthesis of microbial protein and 2 ) providing intestinally available AA that potentially limit growth or milk production. Sup-J. h i m . Sci. 1995 Sci. . 73:1466 Sci. -1475 plementing ruminant diets with protein sources resistant to ruminal degradation has improved N and AA flows to the small intestine (Titgemeyer et al., 1989; Cecava and Parker, 1993; Coomer et al., 1993) and enhanced growth of steers (Stock et al., 1981; Goedeken et al., 1990) . However, because the quantity of microbial protein synthesized is influenced by the amount of OM fermented in the rumen (Rohr et al., 19861 , the fermentable energy content of the diet in some studies may have limited microbial protein synthesis. This is especially the case when diets based on crop residues were fed (Stock et al., 1981; Goedeken et al., 1990) .
When higher-energy diets formulated for growth rates typical of feedlot conditions were fed to cattle (Loerch and Berger, 1981; Plegge et al., 1983; Ludden et al., 1995) , supplementation with protein sources that escape fermentation did not improve growth or efficiency of gain. The lack of response to escape protein supplementation is not clearly understood. However, concentrate feeding may have increased the energy available for microbial protein synthesis. Also, corn grain protein is resistant to ruminal degradation (58 t o 73% undegraded; Zinn and Owens, 1983) and may have constituted a large portion of the metabolizable protein supply. Furthermore, the metabolizable AA supply may not be improved if feeding ruminal escape protein reduces microbial protein flow at the duodenum.
Protein supplementation strategies for ruminant diets should first involve optimizing microbial protein production, followed by selectively supplementing with escape protein sources to meet metabolizable protein needs. Therefore, the objectives of this study were t o determine the effect of feeding protein sources resistant to ruminal degradation on microbial protein synthesis and to examine their impact on duodenal flow and intestinal disappearance of N and AA in steers fed corn-based diets.
Materials and Methods

Animals and Diets
Five Holstein steers (average initial BW 302 f 23 kg) were fitted with permanent ruminal and T-type cannulas in the proximal duodenum and terminal ileum by a veterinarian according to a research protocol approved by the Purdue Animal Care and Use Committee. The steers were allowed to recover for 5 wk before the experiment began. The steers were used in a 4 x 4 Latin square design experiment, with the fifth steer used as an extra observation in the Latin square. The steers were adapted to a 70% corn-based diet before the study and were individually housed in a temperature-controlled room ( 2 2 "C ) under continuous lighting in pens (1.83 m x 2.13 m ) equipped with automatic waters, individual feedbunks, and concrete slatted floors. The diets were formulated to contain 12.5% CP, .65% Ca, .35% P, and other nutrients to meet or exceed NRC (1984) recommendations using cracked corn (70%), ground corn cobs ( 15%8), and protein supplement ( 15%). Diets were formulated using tabular values for mineral content of feedstuffs (NRC, 1982) . Urea was the sole source of supplemental CP in the control diet, whereas in the remaining diets 40% of the total dietary CP was supplied by one of the following protein sources: soybean meal ( SBM) , a high ruminal escape soybean meal ( SP; SOYPLUS@, West Central Cooperative, Ralston, IA), or a 5050 combination, on a N basis, of corn gluten meal and blood meal ( CB). The supplemental proteins represented a wide range of potential ruminal protein degradabilities. In a companion paper (Ludden et al., 1995) , estimated in situ ruminal escape N content of SBM, SP, and CB were 61, 82, and 88%, respectively. Corn gluten meal and blood meal were fed in combination because they have complementary AA profiles relative to the proposed profile of AA required for optimum growth by cattle (Burroughs et al., 1974) . Diets (Table 1) were fed twice daily in equal portions at 0600 and 1800. All steers were restricted to 95% of the ad libitum DM consumption of the steer with the lowest intake as determined in a preliminary feeding period.
Sample Collection and Analysis
Experimental periods were a minimum of 13 d in length with at least 10 d for diet adaptation followed by 3 d for sample collection. Chromic oxide ( 15 g/d) was dosed via gelatin capsules through the ruminal cannula two times daily at feeding as an indigestible marker of digesta flow. Fecal grab samples (approximately 200 g ) were collected on d 11 to 13 at 6-h intervals, composited by steer, and frozen. Feed and fecal samples were oven-dried at 55°C for at least 72 h and ground (l-mm screen). Duodenal (approximately 300 mL) and ileal (approximately 200 mL) digesta were collected at 3-h intervals with collection times advanced 1 h each day to give one sample for every l-h interval in a 24-h period. The digesta was composited by steer and frozen. Digesta were thawed later and homogenized and representative samples were freeze-dried and ground (l-mm screen).
Whole ruminal contents (approximately 1,000 mL) were collected using a core sampling device ) twice daily on d 11 to 13 from each steer at times representing 3, 6, 9, and 12 h after feeding. At each collection, 500 mL of contents and an equal volume of .9% saline (22 "C ) were homogenized in a Waring blender (Waring Products, New Hartford, CT) for 1 min to dislodge particulate-associated bacteria. The blended contents were strained through four layers of cheesecloth and 250 mL was composited by animal and frozen. The samples were thawed later and a bacteria-rich fraction was prepared by differential centrifugation (Merchen and Satter, 1983) . The bacterial-rich preparations were lyophilized and ground (mortar and pestle) for laboratory analysis. On d 13, whole ruminal contents (500 mL) were collected as described previously at 3, 6, 9, and 12 h after the 0600 feeding. The contents were strained through four layers of cheesecloth without homogenization, and pH was immediately measured using an Orion pH meter (Model 520 A, Orion Research, Boston, MA). A 100-mL aliquot then was acidified with 5 mL of 6N HC1 and frozen. These samples were thawed later, centrifuged at 25,000 x g for 20 min, and the supernatant analyzed for NH3 N (Chaney and Marbach, 1962) and VFA concentrations. For peptide analysis, 5 mL of saturated HgClz solution was added to another 100-mL aliquot of ruminal fluid. This sample was then centrifuged at 10,000 x g for 20 min and the supernatant was frozen. These samples were thawed later and 1 mL of 70% HC104 was added to 20 mL of sample that then was incubated in an ice bath at 0°C for 30 min. The samples then were centrifuged at 25,000 x g for 20 min, and the resulting supernatant was assumed to contain perchloric acid-soluble AA and peptides. Five milliliters of this supernatant was incubated with 5 mL of concentrated HC1 at 105°C for 24 h in sealed culture tubes to hydrolyze peptides to their constituent AA. The concentrations of ninhydrinreactive material in hydrolyzed and unhydrolyzed fluid were measured using leucine as a standard (Moore and Stein, 1954; Moore, 1968) . Feeds, duodenal and ileal digesta, and feces were analyzed for DM and OM (AOAC, 1984). The N content of feeds, duodenal and ileal digesta, bacterial composites, and feces were analyzed by macro-Kjeldah1 analysis (AOAC, 1984) . For AA analysis, approximately 150 mg of duodenal and ileal digesta, bacterial composites, corn, SBM, SP, corn gluten meal, and blood meal were hydrolyzed in 15 mL of 6 N HC1 for 22 h at 105°C. To minimize oxidation of sulfur AA, phenol and dithiodipropionic acid were added to each tube before hydrolysis (Barkholt and Jensen, 1989) . Amino acid composition of hydrolysates was determined with a Beckman Amino Acid Analyzer (Model 7300, Beckman Instruments, Palo Alto, CA). Chromium contents of duodenal and ileal digesta and feces were measured (Williams et al., 1962) and nutrient flows within the gastrointestinal trait were calculated by reference to Cr and nutrient concentrations (gramdgram of DM) at respective sites. Purine content of duodenal digesta and of bacterial composites was measured according to the procedure of Zinn and Owens ( 1986 j as modified by Ushida et al. (1985) . Protein source did not affect ( P > .lo) the composition of harvested bacteria; therefore, an average bacterial N:purine ratio of 1.13 f .06 was used to calculate the proportion of duodenal N of bacterial origin. Total microbial N flow at the duodenum (gramdday) was estimated by dividing the N:purine ratio of bacteria by the N:purine ratio of duodenal digesta and multiplying this quotient by the total duodenal N flows for individual steer observations. The remaining N was assumed to contain undegraded N of feed origin, NH3 N, and endogenous N. The contribution of bacterial AA to duodenal AA flow was estimated by multiplying the AA content of harvested bacteria (OM basis) by bacterial OM flow. The difference between duodenal and ileal flow of AA was considered the net disappearance of AA from the small intestine. Sums of squares were separated into effects of steer, period, and protein source. Effects were considered significant at P < . l 0 unless otherwise stated. Ruminal data were analyzed as a split plot to examine effects of time. Because no protein source X time interactions were detected, averages across time are reported. When F-tests were significant, means were separated using LSD.
Results and Discussion
The AA profiles of harvested ruminal bacteria and of the corn, SBM, SP, corn gluten meal, and blood meal fed in this study are presented in Table 2 .
the AA profile of harvested ruminal bacteria, which was similar to that reported by Storm and Orskov (1983) . Although SP contained less total N than SBM, both protein sources were comparable in AA content and AA pattern. Corn gluten meal is a comparatively poor source of lysine but a good source of methionine, and blood meal is a good source of lysine but is deficient in sulfur AA. Therefore, feeding corn gluten meal and blood meal in combination provides a pattern of AA that is more complementary to the pattern of AA in lean tissue (Burroughs et al., 1974) than when either protein source is fed alone.
True OM digestion in the stomach did not differ ( P > .lo), although OM digestion tended to be greater when CB was fed (Table 3 ). This numerical increase in OM digestion may be reflective of the manner in which the steers consumed this diet. When fed urea and SBM, steers consumed the ration within 30 min, whereas when fed CB, steers consumed the ration over a 10-to 12-h period. The slower rate of feed consumption for CB could be an indication of an acceptability problem associated with blood meal. This decreased rate of consumption may have reduced ruminal particulate passage rate when CB was fed, thereby resulting in greater ruminal OM digestion. However, total tract OM digestibility as a percentage of intake was not different ( P > . l o ) among treatments, indicating that OM disappearance from the small intestine compensated for the numerical differences in ruminal OM disappearance observed for CB vs urea, SBM, and SP. Disappearance of OM from the hindgut was unaffected ( P > .lo) by treatment.
Ruminal characteristics
of steers are shown in Table 4 . Supplemental protein source had no impact ( P .lo) on ruminal pH. Ruminal NH3 N concentrations were lower ( P < . l o ) when CB was fed. Even though the urea diet contained 1.5% urea, concentrations of NH3 N at all sampling times were less than the 5 mg/dL concentration recommended by Satter and Slyter (1974) for optimum microbial protein synthesis in vitro. In addition, we fed monensin (Table l ) , which has been shown to decrease ruminal NH3 N concentrations in vitro (Chen and Russell, 1991) and microbial protein synthesis in vivo (Poos et al., 1979; Muntifering et al., 1981) . Chen and Russell (1991) suggested that monensin is an inhibitor of ratio; Chen and Russell, 1991) 
when SBM was fed. Microbial degradation of SBMprotein may have resulted in peptides that were readily utilized by the ruminal microbial population, thereby stimulating microbial growth. Although this is speculative, it is supported by previous work comparing SBM with combinations of corn gluten meal and blood meal as supplemented protein for beef cattle (Cecava et al., 1991) .
Feeding SP increased ( P < .lo) the concentrations of total VFA and of branched-chain and isoacids. Branched-chain VFA have been shown to stimulate microbial growth in vitro (Cotta and Russell, 1982; Argyle and Baldwin, 1989) and in vivo (Maeng and Baldwin, 1976) . If this occurred in our study, then this could partially explain why the flow of microbial N at the duodenum when SP was fed was similar t o that when SBM was fed, in spite of the lower ruminal degradability of SP. Although the concentrations of branched-chain and isoacids were also increased ( P < . l o ) when CB was fed, any stimulation of microbial growth was likely concealed by decreased microbial protein synthesis resulting from an N H 3 N limitation.
The effects of protein source on N digestion are shown in Table 5 . Total flow of N at the duodenum was unaffected ( P > .lo) by protein source. When CB was fed, nonmicrobial N flow increased ( P < .lo), but microbial N flow numerically decreased such that no advantage in total flow of N was realized by increasing the flow of dietary protein to the small intestine. Few data are available regarding the impact of feeding ruminal escape protein sources in concentrate diets (<20% roughage) on duodenal N flow. The inability to improve intestinal N flows by feeding high ruminal escape protein sources contrasts data from other studies in which low-or moderate-energy diets were fed. In these studies, feeding protein sources resistant t o ruminal degradation improved total N flows at the small intestine (Titgemeyer et al., 1989; Cecava et al., 1990 Cecava et al., , 1991 Cecava and Parker, 1993) . Manipulating the source of supplemental protein had small effects on N flow in our study, even when 40% of the dietary protein was supplied by the treatment protein sources. The inability to improve N flows in our study could be due to the high dietary energy content and to the nature of the basal feedstuffs. Feeding highly fermentable corn-based diets, like those fed in our study, results in greater microbial protein synthesis compared with feeding moderate-or low-energy diets Wanderley et al., 1987) . Microbial N flow accounted for an average of 60% of the duodenal N flow across treatments despite our feeding two diets with high RUP contents. In addition, corn grain protein is resistant to ruminal degradation ( 5 8 to 73% escape; Zinn and Owens, 1983) . Therefore, feeding high amounts of corn grain may have increased the metabolizable protein contribution made by the basal ingredients. Other researchers (Loerch and Berger, 1981; Loerch et al., 1983 ) have shown that when cereal grains were used to increase the energy content of the diet, the corresponding decease in ruminal pH reduced the degradability of SBM protein. At a protein's isoelectric point, the electrostatic repulsions between neighboring protein molecules is reduced due to the lack of net charge, thereby reducing the ruminal degradability of the protein (Clark, 1975) . If this occurred in our study, asBM = soybean meal, SP = SoyPLUS, CB = a combination of corn gluten meal and blood meal !50:50 on a N basis). bOrganic matter truly digested in the stomach; corrected for OM of microbial origin. c,d,eMeans with different superscripts in the same row are different ( P < .lo). this could explain why duodenal nonmicrobial N flows when SBM was fed was similar t o those when SP or CB were fed. Although lower than those typically reported when forage-based diets are fed, our MEFF agree with those of other researchers who fed diets containing corn at 74% or greater of diet DM (Cole et al., 1976; Chamberlain and Thomas, 1979; Zinn and Owens, 1983) . The numerical decrease in MEFF as estimated ruminal degradability of the protein source decreased may indicate that ruminally available N was limiting given the high fermentable energy content of the diets. The flow of AA at the duodenum is presented in Table 6 . Supplemental protein source had no impact ( P > . l o ) on essential, nonessential, or total AA flows at the duodenum. Except for histidine, no differences ( P > .lo) in flows of individual AA were detected. Due to the low ruminal degradability and relatively high concentration of histidine in blood meal, the flow of histidine at the duodenum increased ( P > .lo) when CB was fed. Although corn gluten meal is a good source of methionine, the flow of methionine at the duodenum was not improved ( P > .lo) and was numerically lowest when CB was fed. Similar to N flows at the small intestine, essential, nonessential, and total AA flows from microbial and nonmicrobial origin were unaffected ( P > .lo) by supplemental protein source.
The net disappearance of essential, nonessential, and total AA from the small intestine was unaffected ( P > .l01 by supplemental protein source (Table 71, and averaged 83.8, 80.9, and 82.2% of duodenal flow, respectively. As a result of increased histidine flow at the duodenum, disappearance of histidine from the small intestine was greater ( P < .l01 when CB was fed than when the other protein sources were fed. Because the digestibility of AA in the small intestinal was unaffected by supplemental protein source, the quantity of AA disappearing was determined by the quantity of AA entering the small intestine. The inability to detect differences in the quantity and pattern of AA flowing to and disappearing from the small intestine can likely be attributed to two factors. First, flow of metabolizable protein from the basal feedstuffs (corn) was high. Second, microbial protein was a large proportion of total duodenal protein flow across diets. Richardson and Hatfield ( 1978 j suggested that lysine and methionine may be the most limiting AA in microbial protein relative t o the requirements for optimum growth of cattle, and that both are equally limiting for growth of cattle fed cereal grain-based diets. Based on plasma AA profiles, Titgemeyer et al. ( 1988 j suggested that steers fed a 75% corn diet are first-limit,ed by lysine and second-limited by sulfur AA, and that a requirement of 44 to 48 gld of absorbable lysine were required for optimum growth of steers of similar BW to those used in this study. Given the restricted intakes imposed in this study, the quantity of lysine disappearing from the small intestine may have limited growth of steers used in this study. It is unlikely that the supply of metabolizable sulfur AA was limiting for the conditions of this study, because sulfur AA flows were in excess of requirements suggested by Burroughs et a1 (1974) .
Implications
Feeding protein sources resistant to ruminal degradation in corn-based diets may only result in a shift in the proportional flow of nitrogen and amino acids from dietary and microbial origins. Because basal feedstuffs in the diet, especially corn grain, contribute significantly to the metabolizable protein supply, the potential to improve metabolizable amino acid flows by 'SBM = soybean meal, SP = SoyPLUS, CB = a combination of corn gluten meal and blood meal (50:50 bEAA = essential amino acids (Arg, His, Ile, Leu, Lys, Met, Phe, Thr, Val). 'NEAA = nonessential amino acids (Ala, Asp, Cys, Glu, Gly, Pro, Ser, Tyr). d,eMeans with different superscripts in the same row are different ( P < ,101. on a N basis). LUDDEN AND CECAVA feeding bypass proteins in concentrate diets seems limited. High-energy diets based on cereal grains may be limiting in ruminally degradable nitrogen, especially when ruminal escape protein sources are fed. Consequently, the degradable protein content of concentrate diets should be considered before supplementation with ruminal escape proteins is exercised.
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